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ABSTRACT 
Assemblages of planktonic foraminifera and calcareo us nannofossils for the Maestri chtian 
and Danian of Zululand are listed and illustrated. The Globotruncana gansseri and G. mayorensis 
loramin if(-ral zones are present in the Maestrichtian. The Globigerina triloculinoides and Globorotalia 
r01l1jJr('\\{! IIJraminireral subzones are present in the Danian. The Maestrichtian in thi s area cannot 
be subdivided on the basis of calcareous nannofossils. Danian nannofossil zones present are 
those of Cruciplacolithus tenuis and Chiasmolithus danicus . The Cretaceous-Tertiary faunal extinc-
tions al'e brief1y discussed and it is concluded that lowered temperatures were a factor in this ex-
tinnion . 
INTRODUCTION 
The presence of lowermost Tertiary sediments in 
Zululand was first noted by Orr and Chapman 
( 1974 ) who reported early Paleocene planktonic 
(xaminifera from an excavation at Richards Bay. 
Maud and Orr (in press ) described the subsurface 
stratigraphy of the Richards Bay area and listed 
some of the more important species of planktonic 
foraminifera present in the uppermost Cretaceous 
and lowermost Tertiary. Numerous test boreholes 
have since revealed that a narrow belt of early 
Paleocene sediments is present in the subsurface 
parallel to the coast. Several of these boreholes pass-
ed through the Cretaceous-Tertiary (Maestrichtian-
Danian ) contact and from two of these boreholes 
(see locat ion map, Fig. I ), a continuous sequence of 
core was recovered. 
This is the only known area on land in southern 
Africa where the Maestrichtian-Danian contact oc-
curs although similar contacts have been extensively 
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Fig. 1. Location map. 
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studied in other parts of the world. The purpose of 
this paper is to document the assemblages of the two 
most important microfossil groups the 
planktonic foraminifera and the calcareous nan-
nofossils - within this interval in Zululand . 
ZONATION 
Postuma (1971 ) erected a threefold division for 
the Maestrichtian based on planktonic foraminifera. 
For the Danian, he recognized a single zone of 
Globigerina daubjergensis. Berggren (1969 ) subdivided 
the G. daubjergensis zone into three subzones. 
There is as yet no satisfactory nannofossil zona-
tion for the Maestrichtian. Martini's (970 ) nan-
nofossil zonation is used for the Danian. The 
zonations are shown in Fig. 2. Original zone names 
are used although the species Globotruncana mayorensis 
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Fig. 2. Planktonic foraminiferal and calcareous nannofossil 
zonations for the Maestrichtian and Danian. 
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is usually placed in the genus Abathomphalus and 
M arkalius astroporus is considered to be a junior syno-
nym of M. inversus. 
Borehole Z was sampled at one metre intervals 
and Borehole Y at three metre intervals. Borehole Z 
had a collar e levation of 4 m above sea level with 
first sample recovered at 18 m and total depth of 
92 m. Borehole Y with a collar elevation of 5 m above 
sea level was drilled to 103 m with top samples at a 
depth of 30 m. The zones encountered and their 
depths are shown in Fig. 3. 
Both boreholes bottomed in the middle 
Maestrichtian foraminiferal zone of Globotruneana 
gansseri which extended upward to 67 m in Borehole 
Z and 58 m in Borehole Y. The presence of 
Globotruncana Jomicata and G. stuarti throughout this 
interval indicates that only the lower portion of the 
zone is present. Above the G. gansseri zone, there was 
aIm thick interval in both boreholes containing a 
microfauna of the uppermost Maestrichtian zone of 
Globotruneana mayorensis. A few specimens of 
Globotruneana area were present, suggesting that the 
interval falls into the lower portion of the zone. 
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Fig. 3 . Zones present in the two boreholes . Depths are given in 
metres. 
Nannofossils in both foraminiferal zones were 
virtually identical. Tetralithus pyramidus and Zygolithus 
rhombicus were present in the G. gansseri zone but not 
in the G. mayorensis zone. However, both species were 
extremely rare and their presence or absence cannot 
be considered significant. 
Above the Maestrichtian, the middle Danian 
foraminiferal subzone of Globigerina triloeulinoides 
was present to 46 m in both boreholes. The 
Globorotalia eompressa subzone extended from 46 m to 
the uppermost sample at 30 m in Borehole Y and to 
20 m in Borehole Z. In the latter borehole, a few 
metres of unfossiliferous sand occur above the Da-
man. 
The lowermost Danian samples (66 m in Borehole 
Z and 57 m in Borehole Y) were within the 
Crueiplaeolithus tenuis nannofossil zone which extend-
ed upward to 56 m in Borehole Z and 52 m in 
Borehole Y. Above this, all Danian material was 
within the Chiasmolithus danieus zone. 
Deposition during the Danian appears to have 
been continuous. There are no abrupt changes in 
assemblages to suggest hiati. 
The hiatus at the Maestrichtian-Danian contact 
extends from within the G. mayorensis zone, through 
the Globorotalia pseudobulloides subzone and into the 
Globigerina triloculinoides subzone. The absence of the 
Globorotalia pseudobulloides foraminiferal subzone is 
confirmed by the absence of the nannofossil zone of 
M arkalius astroporus. 
The absence of the upper portion of the Globotrun-
eana gansseri zone indicates a second hiatus between 
that zone and the overlying zone of G. mayorensis. 
Although neither borehole penetrates below the G. 
gansseri zone, the absence of the lowermost 
Maestrichtian zone of G. stuarti elsewhere in 
Zululand suggests that there may be a third hiatus 
lower in the succession. 
The persistence of the thin G. mayorensis zone 
throughout the area suggests that the hiati are 
depositional rather than erosional. 
NOTES ON NANNOFOSSIL OCCURRENCES 
There are a number of known cases of anomalous 
chronological distributions of nannofossil species. 
Such anomalies are caused by provincialjsm, local 
environmental factors, reworking, faulty observa-
tion and inadequate stratigraphic control. 
Chiasmolithus bidens and Toweius eraticulus were pre-
sent in the Chiasmolithus danicus zone although both 
Gartner (1971) and Perch-Nielsen (1972 ) indicate 
that the species do not occur until the overlying zone 
of Ellipsolithus macellus. Perch-Nielsen (1972 ) in-
dicates Braarudosphaera diseula as restricted to Danian 
or younger, but the species was common in the 
Maestrichtian of Zululand. Mieula staurophora has 
been reported throughout the Tertiary but such 
reports are generally considered to be examples of 
reworking. The species was present in the Zululand 
Danian, even in samples which contained no other 
Cretaceous species, and it is possible that it does ex-
tend. into the Tertiary. 
The uniformity of the nannofossil assemblages in 
the upper two Maestrichtian foraminiferal zones in-
dicates that these zones cannot be separated on a 
nannofossil basis in this area. Characteristic early 
Maestrichtian species such as ArkhangelskieLla parca, 
Microrhabdulus decoratus and Tetralithus obscurus were 
not seen in the Globotruncana gansseri zone . 
ASSEMBLAGES 
No new species were seen and the author would 
be sceptical of the existence of undescribed species 
in a portion of the section which has been so fre-
quently studied. Perhaps more significant is the 
absence of many characteristic Maestri chtian 
species: Globotruncana conica, G. Jalsostuarti , 
Rugoglobigerina rotundata, Kamptnerius magnijicus, 
Ceratolithoides kamptneri and Tetralithus spp. The 
species present are listed in Tables 1 and 2 and are 
illustrated in the plates. 
Worsley (1974 ) used the presence of Abathomphalus 
mayorensis and Racemiguembelina Jructicosa together as 
Tablel 
Species of planktonic foraminifera present. 
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+ Globolruneanafornieala Plummer 
+ Globolruneana marginala (Reuss) 
+ Globolruneana sluarliformis Dalbiez 
+ Globolruneana lilevi (Bronnimann & Brown ) 
+ H elerokelix plummerae (Loetterle) 
+ Helerokelix pulehra (Brotzen ) 
+ + Globigerinelloides aspera (Ehrenberg) 
+ + GlobigerineLloides meHinae (Bro nniman n ) 
+ + GlobigerineLloides subpelaloidea (Gandolli ) 
+ + Globolruneana area (Cushman ) 
+ + G/o/io/rul/(f/I/{/ rOil/usa (Cushman ) 
+ + Globolrunrana gagnebini Tilev 
+ + Globolruneana ganHeri Bolli 
+ + Globolruneana leupoldi Bo II i 
+ + Globolruncana roseUa (Carsey ) 
+ + Globolruneana sluarli (de Lapparel1l ) 
+ + Helerohelix carse)'ae (Plummer) 
+ + Helerohelix glabrans (Cushman ) 
+ + Helerohelix globulosa (Ehrenberg) 
+ + Helerohelix ornalissima (Cushman & Church ) 
+ + Helerohelix slriala (Ehrenberg) 
+ + Planoglobulina aeervulinoides (Egger ) 
+ + Rugoglobigerina maerorephela Bro nnimann 
+ + Rugoglobigerina rugosa (Plummer) 
+ Abalhomphalw mayoremi5 (Bo lli ) 
+ G/obigC'Tillri/oirie.\ .Iubrarinala (Bronnimann ) 
+ Raremiguembelinafruetie05a (Egger) 
+ TriniteLla scoui (Bro nnimann ) 
+ + Globigerina lriloculinoides Plummer 
+ + Globoconwa daubjergemis (Bron nimann ) 
+ + Globorolalia p5eudobuLloides (Plummer) 
+ Globorolalia compreHa (Plummer ) 
+ Chiloguembelina morsei (Kline) 
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Table 2 
Species of calcareous nannofoss il present. 
ZONES 
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+ Telralilhw pyramidw Gardet 
+ Zygolilhw rlwmbicus Stradner & Adamiker 
+ + Aelinoz.ygw splendem (Deflandre) 
+ + Ahmuellerella oeloradiala (Gorka ) 
+ + Arkhangelskiella eymbiformis Vershina 
+ + C orollilhion exiguum Stradner 
+ + Crelarhabdus conicus Bramlette & Martini 
+ + Crelarhabdw deeorus (Deflandre ) 
+ + Cribrosphaerella ehrenbergi (Arkhangelsky) 
+ + Cylindralithw gallicu5 (Stradner) 
+ + Deflandrius erelareus (Arkhangelsky) 
+ + Deflandriw inlercisus (Deflandre) 
+ + Deflandrius spin05us Bramlette & Martini 
+ + Ei[fellilhw lurriseifJeli (Deflandre ) 
+ + f.ilhraphidiles quadralus Bramlette & Man ini 
+ + M arkaliu5 eircumradialw (Stover) 
+ + Microrhabdulus aUenualus (Deflandre) 
+ + M icrorhabdulus /!Od05U5 Stradner 
+ + N ephrolilhus frequem Gorka 
+ + Polypodorhabdus crenulalw (Bramlelle & Manini ) 
+ + Reinhardliles anlhophorus (Deflandre) 
+ + Slaurolilhiles mielnieensi5 (Gorka ) 
+ + Slephanolilhion laffiUei Noel 
+ + Thoracosphaera operculala Bramlette & Manini 
+ + Walwaueria bame5ae (Black) 
+ + Zygodiscus 5piralis Bramlette & Martini 
+ + Zygolilhus dubius Deflandre 
+ + + + Braarudosphaera bigelowi (Gran & Braarud ) 
+ + + + Braarudosphaera discula Bramlette & Riedel 
+ + + + Markalius inversw (Deflandre) 
+ + + + M icula slaurophora (Ga rdet) 
+ + Cruciplaeolilhw lenuis (Stradner) 
+ + Micranlholilhus aUenualus Bramlette & Sullivan 
+ + M icranlholilhus pingui5 Bramlette & Sulli van 
+ Chia5molilhus bidem (Bramlette & Sull ivan ) 
+ Chia.llnolilhus danicus (Brolzen ) 
+ Coecolilhw pelagicua (Wallich ) 
+ Cruciplaeolilhus slaurion (Bramlette & Sullivan ) 
+ Heliorlhus coneinnus (Manini ) 
+ TOlUeius eraliculus Hay & Mohler 
+ Zygodiscus pleelopom Bramlette & Sullivan 
+ Zygodi.\ws 5igmoiries Bramlette & Sulli van 
an indicator of the tropical zone. Other planktonic 
foraminifera and the calcareous nannofossils in the . 
Maestrichtian are consistent with this interpretation. 
This would place the southern boundary of the 
tropical zone somewhat farther south than indicated 
by Worsley. Danian assemblages are fairly uniform 
from the tropics into the temperate zone and little 
can be said of Danian water temperatures. The 
relative abundance of both groups in the borehole 
samples indicates normal marine conditions , 
probably inner to middle neritic. 
THE CRETACEOUS-TERTIARY EXTINCTION 
Numerous fossil groups became extinct at the end 
of the Cretaceous. In some cases, this extinction was 
gradual, lasting throughout the later Cretaceous; in 
other cases, the extinction was incomplete with some 
species persisting well into the Tertiary. Among the 
:: 
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calcareous nannofossils and the planktonic 
foraminifera, however, a massive and abrupt extinc-
tion took place between the end of the Maestrichtian 
and the beginning of the Danian. Nearly forty 
species from each group disappeared . No species of 
Maestrichtian planktonic foraminifera and only a 
few species of calcareous nannofossils persisted into 
the Danian. 
The time interval during which the extinction 
took place is unknown since there is an hiatus at all 
known contacts, even those in the deep ocean 
basins . 
Numerous explanations have been offered for ex-
tinctions at system boundaries. Most of these are 
discussed and criticised by Rhodes (1967). One of 
the more plausible explanations, first advanced by 
Bramlette (1965), postulated a crisis in the nutrient 
cycle. Tappan (1968) suggested that the critical 
nutrient was carbonate, depleted by massive 
phytoplankton blooms, and Worsley (1974) propos-
ed a model in which the carbonate compensation 
depth was elevated into the photic zone. 
There is no firm evidence for such a crisis. The 
end of the Cretaceous was a period of active orogeny 
with increasing sedimentation. Even if, as Bramlette 
suggested, most sedimentation took place in non-
marine basins, the soluble nutrients should still have 
been carried out to sea. All evidence points to 
shrinking tropical regions at the end of the 
Cretaceous which should have produced an increase 
in vertical mixing and replenishment from the deep 
basins. Massive phytoplankton blooms would be 
ephemeral, with immediate destruction ofthe blooms 
and stabilization. Worsley's model for an elevated car-
bonate compensation depth was not borne out by later 
drilling(Anonymous, 1975; van Andel, 1975 ). Finally, 
such hypotheses do not explain why meroplanktonic 
groups such as the benthonic foraminifera were large-
ly unaffected. 
The only major ecological factor for which 
evidence is available is temperature and most 
evidence points to the latest Cretaceous as a period 
of cooling with a minimum occurring late in the 
Maestrichtian or early in the Danian. By the end of 
the Cretaceous, the tropical zone had shrunk to 
within the 30° parallels (Bandy, 1967; Worsley, 
1974). Although this reduction in living area, along 
with possible lowered surface water temperatures, 
may have been the critical factor, it is possible that 
some asylum areas with higher temperatures would 
have persisted. However, lowered temperatures and 
a reduced living area may have produced critical 
conditions under which some other factor or fac-
tors could have operated to produce the extinction. 
It is perhaps significant that Danian planktonic 
foraminifera are forms whose morphology suggests 
a cold-water environment and that th e few 
calcareous nannofossil species which persisted into 
the Tertiary are either cold-water forms such as 
M arkalius inversus or tolerant forms such as 
Braarudosphaera spp. The earliest new species of 
calcareous nannofossil to appear in the Danian, 
Biantholithus spars us, is a cold-water form. 
SUMMARY AND CONCLUSIONS 
Assemblages of calcareous nannofossils and 
planktonic foraminifera from the Maestrichtian and 
Danian of Zululand show no major divergences 
from assemblages reported for the same stages in 
other parts of the world. The Zululand assemblages 
are somewhat smaller than usual and some common 
species were not seen. At least two and possibly three 
hiati are present in the Zululand Maestrichtian. The 
hiatus at the Maestrichtian- Danian contact is 
relatively long. 
The assemblages indicate that this area was within 
the tropical zone during the Maestrichtian . It is 
suggested that shrinkage of the tropical zone in the 
Danian produced conditions which resulted in the 
Cretaceous-Tertiary extinctions. 
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PLATE I 
Fig. I a - (. Aballzomplzalus mayorensis (Boll i), X60 . 
Fig. 2a -(". Globotruncana area (Cushman), X60. 
Fig. 3a -(". Globotruneana contusa (Cushman), X50. 
Fig. 4a-(. Globotruneanafomieata Plummer, X75. 
Fig. 5a-(. GlobotruneanagagnebiniTilev, XIOO. 
Fig. 6a -(". Globotruneana gan55eri Bo ll i, X50 . 
Fig. 7a -(. Globotruneana leupoldi Bo ll i, X60. 
Fig. 8a -Co Globotnmeana tnarginata (Reuss ), X75 
Fig. 9a -(". Globotrnneana rosetta (Carsey), X60 . 
Fig. lOa -(". Globotrnneana stuarti (de Lapparent ), X50. 
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PLATE II 
Fig-. I a -C', Globolruncana sluartiformis Dalbi ez, X50. 
Fig- . Za - c. Globolruncana lilevi (Bri:innimann and Brown ), XIOO . 
Fig. 3a -(', Globi.rzerinelloides as/Jera (Ehrenberg), XIOO. 
Fig. 4a -c, Globigerinelloides me55inae (Bri:innimann ), X7 5. 
Fig. 5a-c, Globigerinelloides subcarinala (Bri:in nimann ), XIOO. 
Fig-. 6a -c, GlohigerinelioirieJ subpelaloidea (Gandolfi) , X I 00. 
Fig-. 7a -c, Rugoglohigerina rugosa (Plummer), X75. 
Fig-. Sa ~c. Rllgoglobigerina macrocephela Bri:innimann , X7 5. 
Fig-. 9a - c, Trinitella scotti (Bri:innimann ), X7 5. 
Fig lOa - c, Racemiguembelina Jruclicosa (Egger), X60. 
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PLATE III 
Fig. la-(. Heterohelix carseyae (Plummer), XIOO. 
Fig. Za-c. Heterohelixglabrans (Cushman), XIOO. 
Fig. 3a -co Heterohelix globulosa (Ehrenberg), XIOO. 
Fig. 4a -co Heterohelix omatissima (Cushman and Church), XIOO. 
Fig. 5a-c. Heterohelix plummerae (Loetterle), X75 . 
Fig. 6a -Co Heterohelix striata (Ehrenberg), XIOO. 
Fig. 7 a - (. P lanof!,lobulina acervulinoide s (Egger), X60. 
Fig. 8a -co Globoconusa daublergensis (Bronnimann), X150. 
Fig. 9a -co Globif!,erina triloculinoides Plummer, XIOO. 
Fig. lOa -co Globorotalia compressa (Plummer), X75. 
Fig. Ila -co Globorotalia pseudobulloides (Plummer), XIOO. 
Fig. IZa -co Chilof!,uembelina morsei (Kline), X90. 
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PLATE IV 
All fig-ures X3 500. Figures 'a' are under interference contrast; figures 'b' under crossed 
po larizers. 
Fig. la-b. Tetralithuspyramidus Gardet . 
Fig. 2a -b. ZYf!,olithus rhombicus Stradner and Adamiker. 
Fig. 3a -b. Actinozyf!,us splendens (Deflandre ), spine. 
Fig. 4a -b. Actinoz.'vf!,U.I splendens (Deflandre), base. 
Fig. Sa -b. Ahmuellerella octoradiata (Gorka ). 
Fig. 6a -b. Arkhanf!,elskiella cymbi!ormis Vershina. 
Fig. 7a -b. Corollithion exif!,uum Stradner. 
Fig. Sa -b. Cretarhabdus conicus Bramlette and Martini, spine. 
Fig. 9a -b. Cretarhabdus conicus Bramlette a nd Martini , base . 
Fig. lOa-b. Cretarhabdus decorus (Deflandre ), spine. 
Fig. II a -b. Cretarhabdus decorus (Defl andre), base. 
Fig. 12a-b. Cribrosphaerella ehrenbergi Arkhangelsky. 
Fig. 13a -b. Deflandrius cretaceus (Arkhangelsky), spine . 
Fig. 14a-b . Deflandrius cretaceus (Arkhangelsky), base. 
Fig. 15a -b. DeflandriU.l intercisus (Deflandre), spine. 
Fig. 16a -b. Deflandrius intercisus (Defl andre), base. 
Fig. 17a-b. Uthrnphidites quadratus Bramlette and Mart ini . 
Fig. lSa-b. Markalius circumradiatus (Stover). 
Fig. 19a -b. Cylindralithus f!,a llicus (Stradner). 
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PLATE V 
All fIgures X3500. Figures 'a' are under interference contrast ; figures 'b' under crossed 
polarizers . 
Fig. 13 -b. De(landrius spinosus Bramlette and Martini, spine. 
Fig. 2a -b. De(landrius spinosus Bramlette and Martini , base. 
Fig. 3a -b. Ei[[ellilhU.5 turriseiffeli (Deflandre), spine. 
Fig. 4a -b. Effellithus turriseifJeli (Deflandre), base. 
Fig. 5a -b. Braarudosphaera discula Bramlette and Riedel. 
Fig. 6a -b. Sie/Jhallolithion la[fittei Noel. 
Fig. 7a -b. Braarudosphaera bigelowi (Gran and Braarud ). 
Fig. 8a -b. Nephrolilhusfrequens Gorka. 
Fig. 9a - b. M irrorhabdulus nodosus Stradner. 
Fig. lOa-b. Mirrorhabdulus attenuatus (Deflandre ). 
Fig. II a - b. Reillhardtites antlwphorus (Deflandre). 
Fig. 123 -b. Polvpodorhabdus crenulatus (Bramlette and Martini ), spine. 
Fig. 13a-b. Polvpodorhabdus crenulatus (Bramlette and Martini ), base. 
Fig. 14a-b. Staurolithites mielnicensis (Gorka ). 
Fig. 15a-b. WaLwaueria bamesae (Black). 
Fig. 163 -b. Zvgodiscus spir:alis Bramlette and Martini. 
Fig. I 7a -b. ZvgolithU.5 dub ius Deflandre. 
Fig. 18a -b. M arkaliU5 inveTSU5 (Deflandre). 
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PLATE VI 
All figures X3 500. Figures 'a' are under intenerence contrast; figures 'b' under crossed 
polarizers. 
Fig. la-b. Thoracosphaera operculata Bramlette and Martini. 
Fig. 2a -b. Thoracosphaera operculata Bramlette and Martini, operculum. 
Fig. 3a -b. Micula staurophora (Cardet). 
Fig. 4a-b. Cruciplacolithus tenuis (Stradner). 
Fig. 5a -b. M icrantholithus attenuatus Bramlette and Sullivan. 
Fig. 6a-b. Micrantholithus pinguis Bramlette and Sullivan. 
Fig. 7a -b. Chiasmolithus danicus (Brotzen). 
Fig. 8a - b. Coccolithus pelagicus (Wallich). 
Fig. 9a -b. Chiasmolithus bidens (Bramlette and Sullivan). 
Fig. l Oa -b. Cruciplacolithus staurion (Bramlette and Sullivan). 
Fig. l la-b. Heliorthus concinnus (Martini). 
Fig. l 2a-b. Toweius craticulus Hay and Mohler. 
Fig. 13a-b. ZygodisC11S sigmoides Bramlette and Sullivan. 
Fig. 14a -b. ZvgodisC11s plectopons Bramlette and Sullivan. 
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